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Abstract
Computer-mediated communication has become a major research topic due to the growing number of
graduate-level students entirely or partially enrolled in Internet-based degree programs. Drawing on the
concept of common ground from Clark’s communication theory, we propose a model to investigate the
varying quality and flow of online learning conversations. Our investigation centers on three discourse systems in
order to isolate the effects of two functional differences: online presence of the learning material and a linking
functionality. The first system, which supports parallel artifact-centered discourse, displays the learning material
and its related discussion in a single window. The second system, which supports linked artifact-centered
discourse, provides a bi-directional linking functionality between these two elements available in a single
window. The control system, which supports conventional discourse, offers the two elements in separate
windows. We conducted an experiment with 30 doctoral students enrolled in three sections of an introductory
research methods seminar. A total of 30 discussion transcripts, 10 for each group, formed the basis of the data
analyses. Using an integrated approach that combined content and sequential analyses, we categorized and
sequentially plotted all messages. The findings demonstrate that the online presence of the learning material
supports sustained discussions centered on understanding the meaning of a text. Moreover, a linking
functionality promotes complex forms of interaction with the learning material and re-focuses the discussion
when it digresses. We discuss the theoretical and practical implications of these findings.
Keywords: Artifact-Centered Discourse Systems, Epistemic Activities, Common Ground, Sequential Analysis,
Asynchronous Online Discussion.
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1. Introduction
Computer-mediated communication has become a topic of major interest due to the growing number of
graduate-level students entirely or partially enrolled in Internet-based degree programs. Asynchronous
online discussion is a form of computer-mediated communication that offers two advantages. First,
asynchronous discourse is not in real time. This freedom offers students more time and thus
opportunities to prepare, reflect, think, and search for additional information before contributing to a
discussion (Chen & Chiu, 2008; De Wever, Schellens, Valcke, & Van Keer, 2006). Second, the
automatic preservation of group discourse supports students in analyzing the contributions of others
while collaboratively expanding and deepening their understanding of the subject matter (Hull & Saxon,
2009; Solimeno, Mebane, Tomai, & Framcescato, 2008). In light of these advantages, the success of an
asynchronous online discussion can be conceptualized as the ability of a system to facilitate cognitive,
on-topic, on-task, and sustained discussion among students (Pituch & Lee, 2006). This is of special
interest to information systems researchers due to the costly high failure rate of computer-mediated
communication system implementations (Arbaugh & Duray, 2002).
Despite the potential advantages afforded by asynchronous online discussions, many studies have
shown that they often lack sufficiently interactive and coherent peer discourse. Prior research has
stressed that students rarely assert their point of view, give counterarguments, or synthesize
arguments into a coherent text (Munneke, Andriessen, Kanselaar, & Kirschner, 2006). With respect to
this problem, Monteserin, Schiaffino, & Amandi (2010) argue that a group of students need a
common ground of mutual understanding in asynchronous online discussions. This perspective is
consistent with Thompson and Coovert’s (2003) claim that asynchronous online discussion groups
perceive their discussions as more confusing compared to face-to-face groups. Accordingly, this
problem poses a serious barrier for collaborative knowledge construction because interactions largely
include descriptive and surface-level knowledge (i.e., personal experiences) instead of theory-based
reflections (Eryilmaz, Van der Pol, Kasemvilas, Mary, & Olfman, 2010; Yang, Newby, & Bill, 2008).
The possible benefits of supporting collaboration between students for knowledge building and the
issues detected in previous studies raise questions about how the functional characteristics of
asynchronous online discussion systems facilitate collaborative peer discourse. Therefore, the
present study compares two forms of artifact-centered discourse systems with each other and with a
conventional discourse system (as control condition). Thus, this paper investigates the quality and
flow of collaborative peer discourse facilitated by the functional characteristics of three asynchronous
online discussion systems.
This paper is organized as follows. We begin by presenting common ground as our theoretical basis
for collaborative peer discourse in a knowledge-building community. We then focus on the functional
characteristics of three systems that may influence this peer discourse. Next, we present our
research questions by drawing upon the theoretical background and the review of previous research.
Subsequently, we describe our research design, data collection, and methods of data analysis. This
is followed by a report of our empirical results and their implications for theory and practice. The
paper concludes with a summary of our study and some future research directions.

2. Theoretical Framework
Successful collaboration requires effective communication. The concept of common ground as
described by Clark’s (1996) communication theory refers to a shared cognitive frame of reference
during conversation. The members of a knowledge-building community build and maintain common
ground through a process of internalizing each other’s contributions and subsequently providing
feedback based on one’s own perspective (Baker, Hansen, Joiner, & Traum, 1999). Common ground
is important not only for referring to ideas without having to describe them comprehensively, but also
for synthesizing different perspectives in order to benefit from them.
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Common ground can be constructed quickly in a face-to-face setting through non-verbal behaviors
such as making eye contact or nodding. However, these cues are not available in the asynchronous
online discussion tools provided by typical learning management systems. Therefore, the theoretical
insight at hand raises difficult questions. How are students’ communication activities affected by the
degree of common ground facilitated by the functional characteristics of an asynchronous online
discussion system? How is common ground built and maintained in ways mediated by the functional
characteristics of an asynchronous online discussion system? How do students know whether they
share common ground sufficient for epistemic (knowledge-creating) activities in their online learning
conversations? In the light of these difficult questions, we propose a theoretical model to explain the
varying quality and flow in collaborative peer discourse facilitated by the functional characteristics of
asynchronous online discussion systems. Figure 1 portrays the model.

Epistemic
activities

Building
adequate level
of common
ground

Add

Asynchronous
collaborative
knowledge
construction
cycle

Degree of
common
ground

Extract

Maintaining
adequate level
of common
ground

Add
Extract

Functional characteristics
of an asynchronous online
discussion system
Figure 1. Theoretical Model
Drawing primarily from a social constructivist perspective, our model differentiates activities related to
building and maintaining common ground from epistemic activities. This differentiation emphasizes
that the quality and flow of web-based collaborative peer discourse varies greatly because students
are continuously faced with the task of building and maintaining an adequate level of common ground
in order to make sense of one another’s epistemic activities. With respect to this differentiation, it is
important to note that developing an appropriate understanding of the thoughts and expectations
behind their peers’ online discussion messages can be a constant struggle for students without an
adequate level of common ground. Consequently, an insufficient level of common ground will make it
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difficult for a student to process and elaborate on an explicitly stated idea during collaborative peer
discourse. Although collaborative peer discourse often involves small participant groups as in our
study, for the sake of clarity, the theoretical model focuses on a basic asynchronous collaborative
knowledge construction cycle between only two students.
In our conceptualization, the degree of common ground facilitated by the functional characteristics of
an asynchronous online discussion system is first and foremost regarded as an interpersonal
concept, which lays the foundation for subsequent joint activities. In agreement with Stahl (2004), the
model shows the cyclical nature of asynchronous collaborative knowledge construction. A typical
cycle opens with a student adding contextual information and other content into the interaction space
by writing a message. This information is then extracted by another student and processed internally,
which, in turn, leads to a response depending on the degree of common ground.
The arrows depicted in Figure 1 indicate the respective relations among the degree of common
ground, building common ground, epistemic activities, and maintaining common ground. A higher
initial degree of common ground decreases subsequent mutual and dynamic co-creation of
common ground, which in turn allows students to spend more time and effort in epistemic activities.
The arrow from the degree of common ground to building adequate level of common ground
represents this relationship. What constitutes an adequate level of common ground depends on the
type of information in and goal of the collaborative peer discourse. As in Baker et al. (1999), we
think that this criterion may need to be particularly stringent to ensure high-quality online discussion
and individual learning outcomes. An important indication for an adequate level of common ground
in asynchronous online discussion is the expression of counterarguments with accompanying
explanations and reasoning (de Jong, Kollöffel, van der Meijden, Staarman, & Janssen, 2005). As
demonstrated by de Jong et al. (2005) and Weinberger & Fischer (2006), such expressions indicate
a sufficient degree of common ground where students can identify differences in individual
interpretations of the learning material.
Common ground allows students not only to internalize knowledge from each other (knowledge
sharing), but also to construct knowledge collaboratively in order to discover new understandings of
the learning material. Thus, the success and ease of epistemic activities depend on the available
common ground, which the arrow from building common ground to epistemic activities depicts. Even
when an adequate level of common ground is built, there is no guarantee that social interaction will
continue without breakdowns. In fact, common ground as defined by Baker et al. (1999) is never
absolute or complete because the ongoing stream of thoughts can distort it. As the arrow from
epistemic activities to maintaining common ground shows, an existing shared frame of reference
needs to be augmented with emerging information related to the task in order to reinforce the initial
common ground. Finally, a typical cycle closes with a higher degree of common ground because
previously mentioned activities extend the degree of common of ground, which serves as a resource
for a new cyclical process. With a greater degree of initial common ground, fewer common ground
construction activities are needed, which results in reduced effort for the participant. This reduction is
especially interesting because an asynchronous online discussion system that affords an insufficient
degree of common ground will result a high social-interaction cost. This cost can reduce the level of
epistemic activities in which students engage. We describe the functional characteristics of three
asynchronous online discussion systems in detail in Section 3.

3. Asynchronous Online Discussion Systems
Fostering collaborative knowledge construction in a computer-mediated communication environment
requires that the system allows and encourages students to perform demanding epistemic activities.
In order to find out how to design a more effective asynchronous online discussion system that guides
and supports epistemic activities, we compared the functional characteristics of parallel and linked
versions of an artifact-centered discourse system with each other and with a conventional discourse
system as a control condition. Suthers (2001) uses the term “artifact-centered discourse” to
emphasize that the interaction with the relevant curricular material is an essential part of an online
learning conversation. Thus, artifact-centered discourse systems allow conducting conversations in
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the context of a learning material. The parallel and linked arrangements of the specific artifactcentered discourse system examined in this paper are based on the open source PDF Annotation
Engine (available free from http://www.annotationtool.com/), which displays each page of a PDF
document in the form of a GIF image (Van der Pol, 2009). The conventional discourse system for the
control condition builds on the Elgg open source social-networking environment to provide the
potential for sustained conversation and knowledge construction (Thoms, Garrett, Soffer, & Ryan,
2008). However, it offers the artifact and the associated discussion in entirely separate windows.
From a technology standpoint, all systems use a MySQL database back-end and PHP for the serverside scripting language. We provide a detailed description of each system’s functional characteristics
in Sections 3.1, 3.2, and 3.3 below.

3.1. Conventional Discourse System
The conventional discourse system (Figure 2) functions as the control condition because it only
provides explicit support for representing the discourse structure by using subject headings and reply
relations. Moreover, the representation is based on the historical development of the discussion. A
separate but related line of research has found that the quantity and quality of interaction patterns
facilitated by this system can help graduate students in a research-intensive educational setting to
learn from each other and deepen their peer relationships (Garrett, Thoms, Soffer, & Ryan, 2007;
Thoms et al., 2008). However, it is important to note that the conventional discourse system displays
learning material and its associated discussion in separate windows. Therefore, students need to
switch back and forth between the two windows for a sustained on-topic discussion. This split
attention has been shown to increase cognitive load for the students (Eryilmaz, Alrushiedat,
Kasemvilas, Mary, & Van der Pol, 2009).

Figure 2. Conventional Discourse System
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3.2. Parallel Artifact-Centered Discourse System
The parallel artifact-centered discourse system (Figure 3) provides a tight coupling between the
learning material and its related discussion by binding the shared artifact and the discussion tool in a
single window. Threaded discussion retains the reply structure and chronology of the discourse as in
the conventional discourse system. Each discussion focuses on a single artifact or learning material
in order to avoid topic drift. Following Suthers (2001), we call this arrangement parallel artifactcentered discourse because there is no coordination between the learning material and the
associated discussion. Other examples of this system include the HTML artifact-based text software
environment (Suthers, Vatrapu, Medina, Joseph, & Dwyer, 2008) and digital document discourse
environment (Uren, Buckingham, Domingue, & Motta, 2003).

Figure 3. Parallel Artifact-Centered Discourse System
We built this version of the parallel artifact-centered discourse system in order to take the burden of
setting up the display from a cognitively active learner by providing a conventional discussion forum
and learning material in the same visual pane. This system has two purposes in our study. First, as
postulated by Van der Pol (2009), the online presence of the learning material may serve as a context
for collaboration that can direct students’ attention to the relevancy of the learning material. Second,
the functional characteristics of this software do not assure any coordination between learning
material and its associated discussion. Therefore, the parallel artifact-centered discourse system
isolates the effects of a bi-directional linking functionality that we describe in Section 3.3.

3.3. Linked Artifact-Centered Discourse System
The linked artifact-centered discourse system (Figure 4) displays the learning material side by side
with chronologically organized threaded discussion messages and provides a bi-directional linking
functionality between the two. The bi-directional linking functionality involves artifact-to-discussion
and discussion-to-artifact linking, both of which center on students’ shared annotations. On one hand,
artifact-to-discussion linking brings up the pertinent discussion when a student clicks on an annotation
number in the learning material. Suthers et al. (2008) indicates that this function may improve
convergence by collecting together multiple messages that reference a specific passage in the
learning material. On the other hand, discussion-to-artifact linking highlights the relevant context from
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the learning material when a student clicks on an annotation number in the threaded discussion.
Suthers et al. (2008) suggests that this function may improve coherence by clarifying the conceptual
relevance of each message. Note that each annotation stores the precise reference position (e.g., x
and y coordinates) in the learning material. A message starting a thread may have multiple
annotations. However, once a thread begins, reply messages cannot change the annotations
because doing so may lead to the problem of digressing from the original discussion topic in contentrelated communication.

Figure 4. Linked Artifact-Centered Discourse System
The linked artifact-centered discourse system is sometimes referred to as “anchored discussion”
(Brush, Bargeron, Grudin, Borning, & Gupta, 2002; Guzdial & Turns, 2000; Van der Pol, Admiraal, &
Simons, 2006) because students’ shared annotations contextualize discussion threads in specific
parts of a learning material. Extensive prior research has followed experimental approaches to
compare the functional characteristics of anchored discussion with conventional discourse systems.
Guzdial and Turns (2000), for instance, found that when students used an anchored discussion
system, threads were significantly longer. Brush et al. (2002) similarly found an increase in the
number of messages, and moreover showed that students made more specific comments than when
using a conventional discourse system. Next, Suthers, Girardeau, & Hundhausen (2003) observed
that explicit referencing helps students to express complex ideas more easily by facilitating a shared
context. Subsequently, Mühlpfordt and Wessner (2005) demonstrated that the shared context
supports the development of common ground because the intended reference by the speaker and the
perceived reference by the recipient are identical.
In his examination, Pfister (2005) noted two positive effects of making an annotation in the learning
material. First, during message construction, annotations motivate students to think about the content
before making a contribution. Second, more common ground improves the coherence of an ongoing
discussion that is concerned with a given part of a text. Building on the metaphor of common ground,
Van der Pol et al. (2006) reported three affordances of the adopted anchored discussion tool for
collaborative knowledge construction. These affordances are a higher frequency of re-reading
relevant passages from the learning material, increased communicative efficiency, and more
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meaning-oriented discussions. Based on these affordances, Eryilmaz et al. (2009) demonstrated that,
compared to a conventional discourse system, an anchored discussion system can reduce the
cognitive load involved in correctly interpreting messages.
In summary, the authors mentioned above provide compelling evidence concerning the potential
value of anchored discussion for collaborative processing of academic texts. However, the main
limitation of previous research is that we do not know if students’ individual levels of understanding
have been deepened due to constructive collaboration centered on understanding the meaning of the
learning material. The paucity of research done in this area is not due to irrelevance or lack of
interest, but to two complicated issues. First, previous research compares anchored and regular
forum discussions to measure the effects of two functional differences: the online presence of the
learning material and the possibility to refer to it by annotating. This experimental design, as
acknowledged by Van der Pol et al. (2006), is inherently limited because previous research cannot
attribute the reported results to either one of these two functional differences. Second, data analysis
in most of these studies focuses on the content of collaborative peer discourse by subjecting each
individual contribution (or element of a contribution) to a well-specified coding scheme. According to
Suthers, Dwyer, Medina, & Vatrapu (2010), the mere utilization of this level of analysis provides
limited inference for understanding how an online discussion evolves dynamically and how results are
mapped back to the functional characteristics of anchored discussion.

4. Research Questions
Our research extends prior research by isolating two functional characteristics of an anchored
discussion system in order to provide empirical evidence on which previous results can be attributed
to the online presence of the learning material and the role of linking. Moreover, we expand on those
previous insights by examining peer discourse interactions to understand the actual roles that these
functional characteristics played in knowledge building. Specifically, this study answers four research
questions. Given the high costs, both in financial terms and institutional confidence, in computermediated communication system implementations, the following questions are particularly important
for information systems researchers when conceptualizing success as the ability of a system to
facilitate cognitive, on-topic, on-task, and sustained discussion among students (Arbaugh & Duray,
2002; Pituch & Lee, 2006).
RQ1: How does the online presence of the learning material in an asynchronous online
discussion system influence the quality of collaborative peer discourse?
RQ2: Does linking an asynchronous online discussion to the learning material change
the quality of collaborative peer discourse?
RQ3: To what extent does the online presence of the learning material affect the flow of
peer discourse interactions in an asynchronous online discussion system?
RQ4: In what ways does linking an asynchronous online discussion to the learning
material affect the flow of peer discourse interactions?

5. Research Design
We employed a posttest-only design with three small participant groups in order to answer the
research questions. We specifically chose this granularity because it allowed the full range of social
interactions to play out while preventing us from losing track of discussions. We randomly assigned
each group to an asynchronous online discussion system. We had no reason to expect initially any
relevant differences between the groups. Participants were 30 first-year doctoral students enrolled in
three sections of a principles of information systems and technology research seminar. The learning
goal in this seminar was to introduce doctoral students to the topics of information systems and
technology research. Each section had 10 students and lasted for one semester. During the
semester, students read 10 high-quality research articles and discussed them online. Participation in
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asynchronous online discussions was a mandatory requirement in all three sections of the seminar.
The minimum participation requirement for each student was to post one message on the weekly
research article reading and respond to at least two fellow students’ messages for that reading. In the
beginning of the seminar, the instructor told each participant group that online discussions should
focus on students’ own interpretations, rather than passive acceptance of the readings or of the
professor’s positions. Additionally, students were asked several thought-provoking questions during
each online discussion to provide a direction for collaborative peer discourse, such as “What problem
did the authors solve in this article?”, “What theoretical principles did the authors use to solve that
problem?”, and “How did the authors apply relevant theoretical principles to provide a solution for the
problem?”. The 30 discussion transcripts, 10 for each group, formed the data used in our analyses. We
describe the methods of analysis used for answering the research questions in Sections 5.1 and 5.2.

5.1. Assessing Quality of Collaborative Peer Discourse
To answer the first and second research questions, we adopted the epistemic and argument
dimensions of the coding scheme developed by Weinberger and Fischer (2006). The epistemic
dimension analysis focused on task and non-task related discourse. The former, task-related
discourse, involved three categories. The first category, construction of problem space, reflected
students’ understanding of the learning materials’ research questions. The second category,
construction of conceptual space, indicated students’ understanding of learning materials’ theoretical
principles. The third category, construction of relations between conceptual and problem space,
showed to what extent students were able to establish logical connections between research
questions and theoretical principles. The latter, non-task related discourse, comprises two categories:
non-epistemic activities and construction of relations between prior knowledge (personal experiences)
and problem space. These two categories indicated to what extent students digressed.
In the argument dimension, we focused on micro and macro levels. On the micro level, we
examined the structure of each argument by taking into account claims, grounds with warrants
(“since” or “because”), and qualifiers that limit the claims (“maybe” or “could be”). On the macro
level, we looked at how students connected single arguments through counterarguments and the
integration of viewpoints. Counterarguments as defined in the theoretical framework section
reflected the degree of common ground facilitated by the functional characteristics of asynchronous
online discussion systems. Note that each message coded as counterargument included an
explanation or reason. We chose each complete message as the unit of analysis because,
according to our preliminary analysis, students’ messages were rather short and mainly included
only one type of knowledge.

5.2. Examining Flow of Collaborative Peer Discourse
To answer the third and fourth research questions, we conducted a sequential analysis of peer
discourse interactions. We carried out the sequential analysis by using coded messages as input to
Jeong’s (2003) discussion analysis tool (DAT). The validity of sequential analysis is tied directly to the
validity of initial coding. Sequential analysis rests on two assumptions. First, meaning does not reside
in an isolated message. Instead, meaning emerges from the relationship between threaded
messages. Second, meaning is renegotiated and reconstructed in social interactions. Drawing on
these assumptions, DAT operationalizes an interaction as an initial message and responses to it.
There are two metrics in DAT: transitional probabilities and mean response scores. Transitional
probabilities show the relative frequencies of one type of message being followed by another. DAT
calculates transitional probabilities by tallying the frequency of a particular response posted in reply to
an initial message type and converting observed frequencies into relative frequencies. DAT illustrates
the transitional probabilities in a state diagram to provide a bird’s eye view of peer discourse
interactions. The second metric, mean response scores, describes how many times a given type of
message leads to a specific type of response. This metric is valuable to determine whether or not
observed differences in transitional state diagrams are statistically significant.
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6. Data Analysis and Findings
Data analysis proceeded in four stages. First, two coders received 30 minutes of training with the
coding categories. Next, the coders conducted a preliminary analysis because of the potential for
ambiguity in applying the coding scheme. In the preliminary analysis, the coders independently
attempted to code a series of messages from randomly selected transcripts. The Cohen’s Kappa
inter-rater reliability for each dimension of the adopted coding scheme was at least 0.76, which
indicates that the preliminary analysis was adequately reliable. After the preliminary analysis, both
coders read through and individually coded each transcript using the coding scheme. Finally, we used
the coding results as input to DAT in order to examine the flow of peer discourse interactions.

6.1. Quality of Collaborative Peer Discourse Findings
To assess quality, we coded each complete message according to the adopted coding scheme. As
shown in Appendix A, we coded a total of 1,034 messages among three groups over the 12-week
intervention period. The Kappa coefficients were 0.78 for the epistemic dimension and 0.81 for the
argument dimension, which represents substantial agreement beyond chance.
Prior to answering the research questions, we subjected each dimension to the Pearson chi-square
test in order to determine the relationship between the frequency of posted messages and
functionality. We found that the frequency of epistemic, micro-level argument, and macro-level
argument activities differed highly significantly among the three groups (χ2 (10) = 65.75, p < 0.001;
χ2 (8) = 40.58, p < 0.001; χ2 (6) = 37.98, p < 0.001, respectively). Importantly, this finding indicates that
the frequency of posted messages in each dimension is dependent on previously explained functional
differences. The following analyses further compare the level of epistemic, micro-level argument, and
macro-level argument activities with respect to the posed research questions.
The first research question concerned the influence of the learning material’s presence on the quality
of collaborative peer discourse. In the epistemic dimension, the conventional discourse system group
had greater proportions of messages for the construction of problem space and construction of
relations between prior knowledge and problem space (Z = 2.10, p < 0.05; Z = 3.24, p < 0.001,
respectively). However, messages in the parallel software arrangement group directed more towards
construction of conceptual space and construction of both adequate and inadequate relations
between conceptual and problem space (Z = 2.56, p < 0.05; Z = 2.92, p < 0.01; Z = 3.08, p < 0.01,
respectively). With regards to the argument dimension, there were no significant differences between
the conventional and parallel artifact-centered discourse system groups. These findings show that the
online presence of the learning material in an asynchronous online discussion system fosters a
positive shift in students’ epistemic activities from experience-based messages to theory-based
reflections. Furthermore, these findings show no significant association between the presence of
learning material and the structure of students’ arguments.
The second research question concerned whether linking an asynchronous online discussion to the
learning material would change the quality of collaborative peer discourse. Between the parallel
and linked artifact-centered discourse system groups, there was no significant difference with
regard to the epistemic dimension. This finding shows that linking an asynchronous online
discussion to the learning material did not change students’ epistemic activities. But, importantly,
this finding confirms the influence of learning material’s presence on students’ epistemic activities
because both parallel and linked software arrangements provided the online learning material side
by side with the threaded discussion.
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We found four differences with regard to the argument dimension. On the micro-level, the parallel
software arrangement group contained more qualified claims and grounded claims with qualifiers (Z =
3.06, p < 0.01; Z = 2.92, p < 0.05, respectively). However, there was a greater proportion of grounded
claims Z = 2.70, p < 0.01) in the linked software arrangement group. On the macro-level, the linked
software arrangement group also had more counterarguments, which indicates a higher degree of
common ground (Z = 3.44, p < 0.001). These findings show that linking an asynchronous online
discussion to the learning material increases the frequency of grounded claims to justify assertions
and counterarguments to challenge learning partners’ assertions.

6.2. Flow of Collaborative Peer Discourse Findings
To examine the discussion flow, we performed the sequential analysis based upon coded data in
Appendix A. Figures 5 and 6 depict transitional state diagrams for a visual illustration of discourse
interactions in each group. In these diagrams, thicker arrows represent the interactions that were
mostly likely to occur. To ease readability, transitional probabilities less than 0.05 were omitted in
the diagrams.

Conventional
discourse system
group

Figure 5. Transitional State Diagrams
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Parallel artifactcentered
discourse system
group

Linked artifactcentered
discourse system
group

Figure 6. Transitional State Diagrams
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The third research question concerned the extent to which the presence of learning material would
affect the flow of peer discourse interactions. On one hand, the diagram for the conventional
discourse system group shows that a message on either construction of conceptual space or
construction of adequate relations between conceptual and problem space was most often followed
by a prior knowledge based response, which was then followed by an additional prior knowledge
related posting. Furthermore, a message on construction of inadequate relations between conceptual
and problem space often led to a response on construction of problem space. See Appendix B for a
discussion example from the conventional discourse system group.
On the other hand, the diagram for the parallel artifact-centered discourse system indicates that a
message on construction of conceptual space was likely to be followed by either additional
construction of conceptual space or construction of inadequate relations between conceptual and
problem space. Moreover, responses to a message on construction of inadequate relations between
conceptual and problem space were most likely the same message category or were construction of
problem space. Finally, messages focusing on construction of adequate relations between conceptual
and problem space as well as on construction of relations between prior knowledge and problem
space tended to elicit a response coded as construction of problem space. Appendix C provides two
discussion examples that highlight the above mentioned interactions.
We analyzed mean response scores to determine whether or not these peer discourse interactions
reached statistical significance. Table 1 presents the relevant descriptive statistics for peer discourse
interaction by each group.
Table 1. Descriptive Statistics for Peer Discourse Interaction By Each Group
Conventional
discourse system
group

Parallel artifactcentered discourse
system group

Linked artifactcentered discourse
system group

M

0.94 (0.93)

0.33 (0.69)

0.09 (0.28)

N

16

40

35

Construction of adequate relations
between conceptual and problem space
 Construction of problem space

M

0.13 (0.5)

0.68 (0.98)

0.74 (1.29)

N

16

40

35

Construction of relations between prior
knowledge and problem space 
Construction of problem space

M

0.05 (0.21)

0.36 (0.70)

0.89 (1.6)

N

66

56

36

Construction of conceptual space 
Construction of conceptual space

M

0.05 (0.23)

0.42 (0.75)

0.23 (0.61)

N

19

52

80

Construction of problem space 
Construction of inadequate relations
between conceptual and problem space

M

0 (0)

0.04 (0.23)

0.16 (0.62)

N

136

146

153

Construction of adequate relations
between conceptual and problem space
 Construction of conceptual space

M

0.06 (0.25)

0.15 (0.42)

0.60 (0.97)

N

16

40

35

Construction of inadequate relations
between conceptual and problem space
 Construction of conceptual space

M

0.20 (0.52)

0.01 (0.12)

0.33 (0.74)

N

20

70

69

Message-response sequence
Construction of adequate relations
between conceptual and problem space
 Construction of relations between
prior knowledge and problem space

Note. Standard deviations are in parentheses.
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In the conventional discourse system group, construction of adequate relations between conceptual
and problem space messages produced a higher mean number of prior knowledge based responses,
t(54) = 2.74, p < 0.01. However, in the parallel software arrangement group, the same message
category produced a higher mean number of construction of problem space responses, t(54) = 2.13,
p < 0.05. In addition, the parallel software arrangement group produced a higher mean number of
construction of problem space replies to messages built on prior knowledge, t(120) = 3.49, p < 0.001.
Lastly, construction of conceptual space messages produced a higher mean number of replies in the
same message category for the parallel software arrangement group, t(90) = 2.06, p < 0.05. These
findings show that placing learning material side by side with the threaded discussion keeps online
discourse topic-focused because students are less likely to respond back with personal experiences
to messages that relate understanding of a theory to research questions. Furthermore, it pushes
students back towards understanding of a research problem when they stray from the topic.
The fourth research question concerned whether linking an asynchronous online discussion to
the learning material would affect the flow of peer discourse interactions. The transitional state
diagram for the linked software system group displays that a message on construction of the
problem space often elicited a response on construction of inadequate relations between the
conceptual and the problem space and that response was then followed by a posting referring
back to either the conceptual or the problem space. Furthermore, a message on construction of
adequate relations between the conceptual and the problem space frequently led to a response
on construction of the conceptual space. Finally, construction of the problem space was the most
likely response to a prior knowledge based message. Appendix D exemplifies a typical
discussion in the linked software system group.
We compared the mean response scores between linked and parallel software system groups to
determine the statistical significance of the observed interaction sequences. In the linked artifactcentered discourse system group, construction of problem space messages produced higher mean
number of responses on construction of inadequate relations between conceptual and problem
space, t(297) = 2.20, p<0.05. Moreover, there was a significantly higher mean number of
construction-of-conceptual-space replies to messages constructing both inadequate and adequate
relations between the conceptual and the problem space (t(137) = 3.57, p < 0.001; t(73) = 2.65, p <
0.01, respectively). Lastly, there was a significant increase in the mean number of construction of
problem space responses to prior-knowledge based messages, t(90) = 2.18, p < 0.05. Figure 7
graphically represents these interaction patterns based on the data from Table 1.

Figure 7. Differences Between Three Groups On Peer Discourse Interaction
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Based on Figure 7, there is a linear relationship between the three software conditions. This indicates that
linking an asynchronous online discussion to the learning material has three significant effects on the
sequential structure of peer discourse interactions. First, it persuades students to relate understanding of a
theory to research questions. Second, it allows more follow-up explanation of a theory while discussing
logical relations between theory and research questions. Third, it further helps students to return to the
subject when the discussion digresses through personal experience oriented messages.

7. Discussion
Based on Clark’s (1996) communication theory, this study examined the quality and flow of
collaborative peer discourse facilitated by the functional characteristics of three asynchronous online
discussion systems. In this section, we discuss why the functional differences stated at the outset led
to the reported findings and then tie the findings to the proposed theoretical model and learning.
In response to the first research question, content analysis findings demonstrate that the presence of
learning material fosters a positive shift in students’ epistemic activities from experience-based
messages to theory-based reflections. These findings confirm Van der Pol’s (2009) result that an
anchored discussion system facilitates more meaning-oriented collaborative peer discourse than a
regular forum discussion. However, limited by the experimental design that compared the general
effect of anchored discussion to regular forum discussion, Van der Pol (2009) could not attribute his
reported result either to the presence of learning material or linking functionality. By isolating the
presence of learning material from linking functionality in the parallel artifact-centered discourse
system, our study attributes Van der Pol’s (2009) reported result to the presence of the learning
material. Moreover, the current findings go beyond Van der Pol’s (2009) because they demonstrate
that the mere presence of the learning material has no significant effect on how students construct
arguments in order to make their points. This is important because the small number of grounded
claims to justify perspectives and counterarguments to negotiate different perspectives can potentially
undermine collaborative knowledge construction in both conventional and parallel artifact-centered
discourse systems (see Ackerman & Halverson, 2004, for a similar argument in the domain of
knowledge management). A possible explanation for these findings is that argument quality
encompasses factors such as clarity of phrasing and organization as pointed out by Wolfe (2008),
which are not related to the shared context provided by the online presence of the learning material.
Concerning the second research question, content analysis findings indicate that a bi-directional
linking functionality increases the frequency of grounded claims to justify assertions and
counterarguments to challenge learning partners’ assertions. First, the reported increase in the
frequency of grounded claims reinforces Pfister’s (2005) argument that a bi-directional linking
functionality that centers on shared annotations stimulates students to think about the relevance and
merit of their thoughts before contributing them to collaborative peer discourse. Compared with other
studies that evaluated students’ online argumentation (e.g., Peters & Hewitt, 2010; Yeh & She, 2010),
our findings show a similar low occurrence of grounded claims. These findings are troubling because
they indicate that doctoral-level students have difficulties in constructing warranted claims when
discussing high-quality research papers online.
Second, the reported increase in the frequency of counterarguments suggests that a bi-directional
linking functionality affords an adequate level of common ground, which, in turn, impacts the cognitive
process of comparing one’s own perspective with another’s perspective. This process is in the
foreground of a social constructivist perspective where the interaction of different perspectives is of
primary concern. Importantly, this contribution means that a bi-directional linking functionality provides
support in becoming aware of differences in individual perspectives. This kind of discourse has been
shown to enhance individual learning outcomes because it helps students to look at the learning
material from multiple perspectives (e.g., Eryilmaz, Van der Pol, Clark, Mary, & Ryan, 2010).
With respect to the third research question, sequential analysis findings show that the presence of
learning material keeps online discussion topic-focused because students are less likely to respond
with personal experiences to messages that relate understanding of a theory to research questions.
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Furthermore, it pushes students back toward understanding a research problem when they stray from
the topic. A possible explanation for these findings is that placing learning material and its associated
discussion in a single window increases the degree of common ground because students do not need
to switch back and forth between two separate windows for a sustained on-topic discussion. While
the presence of the learning material in the parallel artifact-centered discourse system suggests a
stronger sense of common ground than the conventional discourse system, this effect may be bound
to specific conditions, such as a student’s comprehensive reference to a passage from the learning
material and another student’s attempt to access it (see Appendix C where two students attempt to
discuss a proposition from a given research article).
Regarding the fourth research question, sequential analysis findings illustrate that a bi-directional
linking functionality promotes students to re-think their initial understandings of a theory while
examining both adequate and inadequate relationships between theory and research questions. This
is an important finding because re-thinking helps students consolidate information and gain a deeper
understanding of the learning material (Andriessen, Baker, and Suthers, 2003). Moreover, a bidirectional linking functionality further re-focuses a discussion that has digressed into experience
oriented messages. Taken together, these findings mean that a bi-directional linking functionality can
extend the degree of common ground created without that process being bound to any specific
condition (see Appendix D). This is an important contribution when conceptualizing success as the
ability of a system to facilitate cognitive, on-topic, on-task, and sustained discussion because a bidirectional linking functionality can naturally create a strong context for topics that merit discussion.
Relating the obtained findings to individual learning outcomes, we can infer that learning occurs best
when the degree of common ground affords articulation, reflection, and negotiation of different
perspectives (as previously found by Kobbe et al., 2007). This means that, when starting from an
adequate level of common ground, students can build further new understanding by adding new
relations and concepts to common ground via integration. In this way, students can use one another
as a resource for learning (Dillenbourg, 1999). However, in the absence of an adequate level of
common ground, misunderstandings trigger disruptions in the flow epistemic activities. These
misunderstandings, which Appendix C demonstrate, can make it difficult for students to benefit from
different perspectives on a topic under discussion. This study’s findings indicate that, under such
conditions, students state their own perspectives, but do not further develop them in light of other
students’ contributions (see Eryilmaz, Van der Pol, Clark, Mary, & Ryan, 2010, for a similar finding).

7.1. Resulting Theoretical Model
We will now refine our theoretical model based on the empirical evidence offered in our study. First,
this study’s findings show that the degree of common ground offered by a bi-directional linking
functionality affords better quality and flow of students’ epistemic activities. Our explanation of these
findings is that students in the linked artifact-centered discourse system group did not need to engage
in construction of common ground activities. In other words, by engaging directly in epistemic
activities, these students spent more time and effort understanding theoretical principles and their
relations to research questions. The new arrow from the degree of common ground to epistemic
activities depicts this relationship.
Second, the findings demonstrate that the degree of common ground offered by the presence of
learning material promotes discussions that center on interpreting research questions and
understanding theoretical principles. However, this degree of common ground constrains follow-up
explanations of a theory while discussing logical relations between theory and research questions.
This constraint is particularly important because it underscores the fact that the degree of common
ground offered by the presence of learning material was not sufficient to facilitate complex forms of
interactions. More specifically, a closer look at the first discussion example in Appendix C makes
evident the effort students put into building common ground. Because we have defined common
ground as an interpersonal concept, building common ground requires explicit contributions from both
communicators and recipients. Although communicators comprehensively referenced their ideas to
specific passages from the learning material, recipients were not active in verifying their
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understanding of shared contexts. Therefore, we can argue that common ground in the parallel
artifact-centered discourse system group emerged intermittently and non-uniformly. The new “building
non-uniform learning material based common ground” box depicts this communicative behavior.
Finally, the findings indicate that the degree of common ground offered by the conventional
discourse system promotes two types of epistemic activities: understanding of a research problem
and relating that problem to prior experience. Since this system provides neither the presence of
learning material nor bi-directional linking functionality, students built on each other’s contributions
based on similarities in personal experiences (see reply from Student C in Appendix B). Consistent
with Clark’s (1996) communication theory, this means that different functional characteristics bring
different resources to, and constraints on building common ground. The new “building shared
personal experience oriented common ground” box depicts this communicative behavior. Figure 8
displays the resulting theoretical model.

Asynchronous Collaborative Knowledge Construction Cycle

Quality and f low of
epistemic activities

Building common
ground
(1) Shared
personal
experience
oriented

(2) Nonunif orm
learning
material
based

Add

(3) Direct
f acilitation of
students’
epistemic
activities

Degree of
common
ground

Extract

Maintaining
adequate
level of common
ground

Add
Extract

Functional characteristics of
an asynchronous online
discussion system

Figure 8. Resulting Theoretical Model (1 = Conventional Discussion, 2 = Parallel ArtifactCentered Discussion, 3 = Linked Artifact-Centered Discussion)
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7.2. Implications for Practice
The main implication for Information Systems education practice is that the functional
characteristics of an asynchronous online discussion system can help teachers to create effective
online learning conversations. Foremost, this study’s findings suggest that the artifact-centered
discourse systems are particularly suited for collaboratively processing research papers, whereas
the conventional discourse system seems to be better suited to help individuals’ organize their
thoughts and process research papers based on one’s prior knowledge. For teachers struggling to
keep online learning conversations on-topic, the parallel software arrangement can partly reduce
the need for additional explicit training or instruction as the online presence of the learning material
holds the potential for sustaining on-topic discussion. However, if the instructional intention of using
an online discussion is to allow students to construct arguments in order to establish their positions
on the learning material, counterarguments to justify differences in perspectives, and rethink initial
arguments, then the linked software arrangement exemplifies a promising system to facilitate more
complex forms of interactions with academic texts.
We are aware that discussion tools in most online learning environments display the artifact and the
associated discussion in two separate windows. Teachers interested in improving the quality of their
students’ online learning conversations have three options. One option is to use the free PDF
Annotation Engine system available on SourceForge (http://www.annotationtool.com/). Another option,
as pointed out by Suthers (2001), is to manually open two windows and place the asynchronous
discussion tool next to the learning material. A third option may involve direct instruction that
encourages interaction and collaboration for more dialogical and meaningful online communication.

7.3. Limitations
There are several limitations to our study and we discuss them below. First, we studied first-year
doctoral students discussing research papers in three sections of a blended format introduction to
research methods seminar. The highly specialized student body and the ability to interact face-toface over the course of a semester may limit the generalizability of the findings. More research is
needed on completely online courses with undergraduate level students. However, we would
expect undergraduate students’ need for support in collaborative knowledge construction to be
even more pressing. We would thus only expect stronger support to our theoretical model in that
case. Second, the presence or absence of basic inquiry skills in first-year doctoral students might
elicit some concern. These skills were supposed to be present because of the didactical part of the
learning process. However, students may lack skills such as integrating pieces of information or
recognizing value of a response as contributing to answering one’s research question. Finally,
although we randomly assigned each group to a software condition, pre-testing students’
argumentation skills to control for potential differences in argumentation skill would have enhanced
the internal validity of this study.

8. Conclusion
In this paper, we develop a theoretical model to argue that the quality and flow of online learning
conversations vary greatly because students are continuously faced with the task of building and
maintaining an adequate level of common ground in order to make sense of one another’s epistemic
activities. Given the costly high failure rate of computer-mediated communication system
implementations (Arbaugh & Duray, 2002), this is an important contribution because an
asynchronous online discussion system that affords an insufficient degree of common ground incurs
a high social interaction cost, which can reduce the level of epistemic activities in which students
engage. We hope our theoretical contribution serves as a stepping-stone for investigating the
underlying functional characteristics that may influence the quality and flow of asynchronous online
discussions not only in higher education institutions, but also in corporate learning platforms.
In conclusion, this study is the beginning of an action design cycle that centers on how students
use asynchronous online discussion systems, and consequently on how to design software
systems that more effectively support collaboration and learning outcomes. Our stream of research
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is urgently needed with the growing number of graduate degree programs whose students are
geographically dispersed. Toward this end, we are presently investigating the correlations between
collaborative peer discourse and individual learning outcomes by using a fine-grained analysis
method that further differentiates activities relating to building and maintaining common ground
from epistemic activities. Moreover, we have re-designed the linked artifact-centered discourse
system as an extension of this research. Our next steps will comprise experimental tests of visually
directing students’ annotations on more important parts of an academic text, such as central
concepts, principles, and their interrelations.
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Appendices
Appendix A. Number and Proportion of Messages in Collaborative Peer
Discourse
Table A-1. Number and Proportion of Messages in Collaborative Peer Discourse
Conventional discourse
system group

Parallel artifactcentered discourse
system group

Linked artifact-centered
discourse system
group

Number

Proportion

Number

Proportion

Number

Proportion

Construction of problem space

134

0.49

149

0.40

157

0.41

Construction of conceptual
space

20

0.07

52

0.14

72

0.19

Construction of adequate
relations between conceptual
and problem space

13

0.05

43

0.12

33

0.09

Construction of inadequate
relations between conceptual
and problem space

24

0.09

65

0.17

72

0.19

Construction of relations
between prior knowledge and
problem space

65

0.24

50

0.13

38

0.10

Non-epistemic activities

20

0.07

14

0.04

13

0.03

Total

276

100%

373

100%

385

100%

Simple claim

144

0.52

175

0.47

207

0.54

Qualified claim

52

0.19

77

0.21

46

0.12

Grounded claim

22

0.08

49

0.13

80

0.21

Grounded and qualified claim

38

0.14

58

0.16

39

0.10

Non-argumentative moves

20

0.07

14

0.04

13

0.03

Total

276

100%

373

100%

385

100%

Argument

166

0.60

215

0.58

193

0.50

Counterargument

18

0.07

40

0.11

81

0.21

Integration(Reply)

72

0.26

101

0.27

98

0.25

Non-argumentative moves

20

0.07

14

0.04

13

0.03

Total

276

100%

373

100%

385

100%

Epistemic dimension

Micro-level argument dimension

Macro-level argument dimension
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Appendix B. Discussion Example from the Conventional Discourse System
Group
Table B-1. Discussion Example from the Conventional Discourse System Group
Initial message from student A:
The lack of existing research and literature in knowledge brokering by information technology
professionals forced the authors to look elsewhere for theoretical guidance. They found literature on
boundary spanning which helped them not only in the description of boundary spanning roles. They
also found literature on situated learning which is contextually based, where learning is viewed as a
social participation in which members interact with a more experienced member who conveys both
tacit and explicit knowledge through personal contact. However, the authors did a great job in their
exploratory research on the knowledge brokering role of information technology professionals.
Reply from student B:
The paper’s results reflect my own experiences. Information technology at my organization acts just in
the ways described by the workers at the investigated organization. I would not have been able to
express that idea before I read this paper. My colleagues and I act as knowledge brokers due to the
nature of our jobs – one person may manage systems and information technology processes at
several sites. My team also manages some major boundary objects such as email systems, major
Web sites.
Reply from student C:
I have also encountered the research problem in this paper in my own work when I consult with
accountants, physicians, and attorneys. I had to reflect on courses I took in business law, finance,
operations management, and other non-information technology courses for my undergraduate
degree.
Reply from student D:
So, IT professionals seem to be a very important asset to an organization. However, I am not sure
whether that is the case in reality. If that is not true in the United States, the situation in China is
worse. At least in a survey, the project managers said the experience of information technology
professionals are in the top 10 important things. While in China, the same poll shows information
technology professionals are not in project managers’ consideration at all.
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Appendix C. Two Discussion Examples from the Parallel Artifact-Centered
Discourse System Group
Table C-1. Two Students Discuss a Proposition From a Given Research Article
Initial message from student E:
The relationship between perceived avoidability and avoidance motivation is negatively moderated by
perceived threat so that it is weaker when perceived threat increases’. Is the message here that as
the threat increases people go into denial?
Reply from student F:
Frankly, I do not have the slightest idea what that is supposed to mean. Where did you read it?
Reply from student E:
It is on page 14. See proposition 9.
Table C-2. Three Students Discuss The Concept of a Professionally Qualified Doctoral Student
Initial message from student G:
The authors give us a method to recognize and measure the ‘professionally qualified doctoral student’
(PQDS) who must have had a first real world experience for at least two to three years; and must
have advanced to a supervisory or other higher work role; also established a demonstrable record of
accomplishments in their profession (p. 677). I agree that this is a good way to distinguish the PQDS
from other students, but I do not think it is necessary to spend time to recognize and measure the
PQDS. Different journals face different levels of readership. So I think both relevance and rigor are
important, the problem is reading the right article in the right journal.
Reply from student H:
Thank you for bringing this up. I almost got confused when I started to read about the need of PQDS
for having solid relevance in our field. I was wondering if that is only their feeling.
Reply from student I:
Thanks for your comments. I am trying to understand this part right now.
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Appendix D. Discussion Example from the Linked Artifact-Centered
Discourse System Group
Table D-1. Discussion Example from the Linked Artifact-Centered Discourse System Group
Initial Message from student J:
Can I consider cybernetic theory as an abstract version of technology threat avoidance theory
(TTAT)? According to our weekly book reading, we can consider one concept to be more abstract
over another concept when one concept is included within the meaning of another. In this case, the
more general concept is considered more abstract. Since the authors used the cybernetic theory here
as a framework to develop TTAT and the idea of the cybernetic theory is presented as a general idea
for TTAT, I think it is ok to say that cybernetic theory is more abstract to TTAT.
Reply from student K:
According to your statement, I think it is reasonable to think that cybernetic theory is more abstract
than TTAT.
Reply from student L:
I do not quite agree because the authors used cybernetic theory here to support TTAT rather than
abstract to TTAT. However, I might be wrong.
Reply from student M:
I do not think so either. According to the authors, cybernetic theory is used as a framework to help
explain their ideas. Based on my understanding, TTAT is a different concept and it is not a general
version of cybernetic theory. Cybernetic theory seemed to me more like a tool that helped in
describing the TTAT ideas.
Reply from student N:
Student J, I believe that cybernetic theory is not an abstract of TTAT. Cybernetic theory was the
foundation to explain human behavior in order to show the loop conceptually and they extended the
behavioral loop to support their TTAT.
Reply from student J:
Ummm. Ok, I think I misunderstood.
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